T umorous secretion of peptides derived from proopiomelanocortin, including biologically active corticotropin, is one of the many humoral syndromes of cancer. It accounts for about 15% to 20% of cases of Cushing's syndrome from all causes.lJ Medullary thyroid carcinomas, small cell hmg cancers, carcinoids, pancreatic islet cell tumors, pheochromocytomas, and paragangliomas account for approximately 80% of the cases. For the majority of patients with ectopic corticotropin secretion, the typical Cushing's syndrome habitus is absent. The clinical picture is typified by the sudden appearance and rapid progression of signs of extreme hypercortisolemia, including hypertension, edema, weakness, hypokalemia, and glucose intolerance; plasma corticotropin concentrations are often very high and may be associated with hyperpigmentation.
These signs may be accompanied by manifestations of the malignancy causing the hypercortisolism. In patients with occult tumors, however, differentiating between an ectopic and a pituitary source of corticotropin may be difficult.84
Long-term therapy with the somatostatin analog octreotide for patients with carcinoids, pancreatic islet cell tumors, and medullary thyroid carcinomas has been reported to control hormonal hypersecretion, improve symptomatology, and in some cases, reduce tumor growth. Corticotropin secretion of pituitary-dependent Cushing's syndrome (Cushing's disease) usually does not respond to octreotide, but the agent has been successfully used to control ectopic corticotropin secretion caused by neuroendocrine tumors.5-7 Visualization of somatostatin-receptor-positive tumors in vivo after intravenous injection of [lz31-TyS]-octreotide or [l"In-DTPA-DPhe']-octreotide has been successful with a number of human tumors.81o
We report our experience with somatostatin receptor scintigraphy for 10 patients with Cushing's syndrome and clinical evidence of ectopic corticotropin production or tumors secreting corticotropin-releasing hormone, and for 5 patients with Note the asymmetrical accumulation of radioactivity in the thyroid (large arrow) and in the lymph node metastases lateral to the right thyroid lobe (small arrows), whereas accumulation in the pituitary is normal (open arrow). therapy was studied in 7 patients with Cushing's syndrome caused by ectopic corticotropin or CRH secretion. Somatostatin analog-binding sites were also determined in vitro by autoradiography on cryostat sections of the tumor tissues of five patients, as described before.13
Serum and urinary cortisol were measured by radioimmunoassay (Diagnostic Products Corporation, Los Angeles, California). Since tumors producing cor- ticotropin ectopically may also produce "big" corticotropin or biologically active fragments of corticotropin, or both, We preferred to measure plasma corticotropin (ACTH,,,) by radioimmunoassay (Medgenix, F'leurus, Belgium) rather than by the more specific two-site immunoradiometric assay. Corticotropin-releasing hormone,, was measured by immunoradiometric assay (Dr EA. Linton, Department of Biochemistry and Physiology, University of Reading School of Animal and Microbial Sciences, Reading, UK).
In all cases, the diagnosis was confirmed by histologic examination of stained tissue sections. Preparations from seven patients were also studied by immunohistochemistry using an anticorticotropin antiserum. Tumor cells of two patients were cultured according to previously described methods.14 All patients gave informed consent to participate in this study, which was approved by the ethics committee of our hospital.
RESULTS

Clinical, Biochemical, and Pathologic Features
The diagnosis of Cushing's syndrome was suspected for all 10 patients by their clinical presentation and was subsequently confiied by endocrinologic testing. Serum cortisol levels were elevated in all patients and were suppressed insufticiently in response to 1 mg dexamethasone in nine of the patients studied. Urinary cortisol excretion and serum corticotropin levels were also increased in all patients (Table I ). Six patients had hypokalemia, which was not related to the use of diuretics. Five patients had hypertension (systolic blood pressure greater than 160 mm Hg or diastolic blood pressure greater than 90 mm Hg). Four patients had glucose intolerance (as defined by random venous plasma glucose levels of 11.1 mmol/L or higher).
Metastatic (sporadic) medullary thyroid carcinoma was diagnosed in patients 1, 2, and 3 (Table II) . Tumor biopsies from these three patients did not stain positively for corticotropin. In patient 1, however, cultured tumor cells prepared from a cervical lymph node metastasis showed 380 pg CRH/106 cells but no corticotropin. Corticotropin and CRH levels in the conditioned medium from the cultured tumor cells were below the detection limit of the assay used. These results suggest this tumor was ectopically producing CRH rather than corticotropin.
positive staining for corticotropin, but cultured tumor cells produced small amounts of corticotropin.
Scintigraphic and Radiographic Evaluation
A bone marrow smear from patient 4 showed a diffusely infiltrating anaplastic small cell carcinoma, and based on additional clinical and radiologic data, small cell lung cancer was diagnosed. In patients 5 and 10, solitary bronchial carcinoids 1.5 cm and 1.8 cm in diameter, respectively, were removed at thoracotomy. In both cases, no lymph node enlargement was detected. In patient 6, a corticotropin-producing bronchial carcinoid was removed 3-l/2 years before Cushing's syndrome clinically recurred; a bronchial carcinoid recurrence was suspected, but no tumor localizations were detected. In patient 7, resection of a bronchial carcinoid and two paraesophageal lymph node metastases resulted in transient remission of Cushing's syndrome. A metastatic thymic carcinoid was found in patient 8, and a metastatic pancreatic gastrinoma was diagnosed in patient 9. Tumor tissue from patients 5, 7, 9, and 10 contained immunoreactive corticotropin, strongly suggesting that the tumors were the source of the hormone. Immunohistochemistry of tumor tissue from patient 8 did not show Octreotide scintigraphy demonstrated uptake of the radionuclide-coupled somatostatin analog in several tumor localizations-also identified by abdomen and thorax computerized tomography (CT), neck and abdomen ultrasonography, and bone scintigraphy (Table II)-for patients 1, 2, and 3 with metastatic medullary thyroid carcinoma Tumor localizations in the liver of all three patients and in a retroperitoneal lymph node in patient 1 were not detected by octreotide scintigraphy (Figure 1 , Table II ). Octreotide scintigraphy did show abnormal uptake in the mediastimm, the bony pelvis, the lumbar spine, and the proximal femoral bone of patient 4 with small cell hmg cancer (Figure 2 ). Routine chest roentgenography of this patient did not show abnormalities; bone scintigraphy was normah and a CT scan of the chest identified mediastinal lymphadenopathy but the primary lung tumor was not seen.
Patient 5 had a solitary bronchial carcinoid, shown on chest roentgenogram and CT scan as a single intrapulmonary mass in the right middle lobe. Octreotide scintigraphy did not show pathologic uptake of the radiopharmaceutical. In patient 6, who had Cushing's syndrome recurrence after removal of a corticotropin-producing bronchial carcinoid, no metastatic carcinoid lesion could be identified by CT scanning or by magnetic resonance (MR) imaging of the chest. Octreotide scintigraphy was negative for this patient, and the localization of tumor tissue is still LlllhOWll.
Patient 7 had a metastatic bronchial carcinoid, and octreotide scintigraphy demonstrated uptake in the left lower lobe of the lung and in the mediastinum ( Figure 3A) . A contrast-enhanced CT scan of the thorax with attention to the left lower lobe identified a 10 x 15 mm lesion in the left lower lobe of the lung but no mediastinal lymphadenopathy ( Figure 3B ). Review of the CT scan performed 6 months earlier revealed a 5 x 8 mm lesion at the same location that could not be distinguished from blood vessels cut at an oblique angle, since they were of similar size.
In patient 8, a CT scan of the chest showed a nonhomogeneous tumor mass within the anterior mediastinum and enlarged paratracheal lymph nodes. A CT scan of the abdomen was normal, but octreotide scintigraphy demonstrated uptake in a large mediastinal mass (Figure 4) . In patient 9, octreotide scintigraphy indicated three tumors in the region of the pancreas; no abnormalities in liver uptake were seen. Computerized tomography revealed a tumor in the corpus of the pancreas as well as an enlarged lymph node in the liver hihrs, but no detectable liver metastases.14 Patient 10 had a solitary bronchial carcinoid. A chest roentgenogram was normal, but octreotide scintigraphy showed uptake in the left lower lobe of the lung; a contrast-enhanced CT scan of the thorax with attention to the left lower lobe revealed a solitary 12 x 18 mm lesion there.
Autoradiography
In vitro somatostatin receptor autoradiography was performed on tumor samples from patients 1,2, 7,8,9, and 10. In vitro, a cervical lymph node metastasis sample from patient 1, who had metastatic medullary thyroid carcinoma, contained somatostatin analog-binding sites, whereas abdominal lymph node metastasis and liver metastasis samples from the same patient were negative ( Figure 5) . A cervical lymph node metastasis sample from patient 2 was also negative. High mrmbers of somatostatin analogbinding sites were present in tumor samples from the 
Scintigraphic Evaluation of Control Patients
Normal scans were obtained for eight patients with corticotropin-secreting pituitary tumors (five had Cushing's disease and three had Nelson's syndrome), and for one patient with Cushing's syndrome caused by a cortisol-secreting adrenal adenoma. metastatic bronchial carcinoid of patients 7 and 10 and from the thymic carcinoid of patient 8, and also in specimens of the primary pancreatic gastrinomas and a lymph node metastasis of patient 9 (Table II) .
COMMENTS
Clinical Results of Octreotide Treatment
The clinical responses to octreotide (0.15 to 1.5 mg/day) were monitored in seven patients (Table II) . Reductions of 25% to 100% in serum corticotropin or in urinary cortisol excretion, or both, could be demonstrated for all patients, except patient 6. Recurrence of a corticotropin-producing bronchial carcinoid was suspected for patient 6 but not identified, and no significant suppression -of the urinary secretion of cortisol was found even with high doses of octreotide (1.5 mg/day intravenously).
Patients with the ectopic corticotropin secretion syndrome usually have obvious underlying tumors, most commonly neuroendocrine tumo~&~; however, as many as 30% of corticotropin-producing neuroendocrine tumors go undetected for a long time.3l4 Because these occult neuroendocrine tumors may be potential malignancies, determined attempts at early localization must be made before metastases or local invasions prevent curative treatment4 When evaluating patients with suspected ectopic corticotropin secretion, CT and MR imaging of the chest and abdomen are the best localization methods currently available.3,4J5 Even so, identifying a mass does not prove its function, and some tumors remain occult. Hence, a study that reveals both structure and function is needed, but the approaches tried thus far have met with limited success. Extensive selective venous catheterization and blood sampling is only occasionally successful in localizing an ectopic source2-'$ and bilateral simultaneous petrosal sinus blood sampling helps exclude a pituitary source of Cushing's syndrome but does not localize the true source of corticotropin. 15 The results of our study suggest that somatostatin receptor scintigraphy is useful for identifiying ectopic sources of corticotropin and CRH.
Abnormalities in the control of glucocorticoid secretion and elevated levels of corticotropin have been observed in as many as 30% of cases of small cell lung cancer, but they lead to clinically recognized Cushing's syndrome in fewer than 5%.16J7 Tumorous corticotropin production may occasionally dominate the clinical picture of patients with bronchial and thymic carcinoids. 1s-20 As many as 30% of gastrinomas contain corticotropin-like immunoreactivity, but the full-blown clinical picture of Cushing's syndrome occurs in approximately 3% of patients with these gastrinomas. 21 A few cases of ectopic production of CRH, with or without corticotropin, by medullary thyroid carcinomas and carcinoids have been reported in the literature.22,23 Corticotropin-releasing hormone stimulates corticotropin production from anterior pituitary cells, causing characteristics of Cushing's disease rather than the classical ectopic corticotropin syndrome. In these cases, catheterizing the petrosal sinus may falsely point to a diagnosis of Cushing's disease. Ectopic CRH secretion rather than corticotropin secretion by a metastatic medullary thyroid carcinoma was documented as the cause of Cushing's syndrome in patient 1. Bilateral simultaneous petrosal sinus blood sampling for corticotropin was not done for this patient, however, and pituitary MR imaging did not show abnormalities.
In cessfully visualized in 8 of the 10 patients (Table ID. Successful control of ectopic corticotropin release by octreotide has been reported in patients with metastatic medullary thyroid carcinomas,3o lung carcinoids,31z32 and gastrinomas,33,34 although therapy failures have also been reported.35B6 In our series, a decrease-and in one case normalization-of plasma corticotropin concentration or urinary cortisol secretion, or both, in response to octreotide treatment was observed for six patients with somatostatin-receptor-positive tumors; no effects of octreotide therapy were observed for one patient with an occult corticotropin-producing tumor and negative octreotide scintigraphy. Thus, the receptor status of the tumor seems predictive for the corticolropin-and cortisollowering effects of octreotide.
Somatostatin receptor scintigraphy demonstrated uptake in the primary tumor and in the cervical lymph node metastases of a patient with me&static medullary thyroid carcinoma, but not in the distant liver metastases nor in a retroperitoneal lymph node metastasis. Similarly, in vitro receptor autoradiography for somatostatin analog-binding sites was positive for the cervical lymph node metastasis sample, but negative for the liver metastasis sample. That suggests that the receptor-negative tumor localizations showed another degree of differentiation. Moreover, liver tumor localizations could not be detected in two other patients with me&static medullary thyroid carcinoma; and in vivo somatostatin receptor imaging recognized the liver metastases in only 7 of 17 patients with medullary thyroid carcinoma and documented liver metastases.10~24~37 Presumably the normal accumulation of radioactivity in the liver prevents the detection of small metastases, which bind somato-statin to an extent similar to normal liver cell uptake of the radionuclide-coupled somatostatin analog. That means that somatostatm receptor scintigraphy should be combined with an ultrasound examination of the liver for patients with metastatic neuroendocrine tumors. Only four patients had potential occult ectopic corticotropin-secreting tumors (patients 4, 6, 7, and 10). Somatostatin receptor scintigraphy visualized the primary tumors as well as their metastases in three of these patients, but the tumor localization in one patient remains unknown. While these results are encouraging and suggest that somatostatin receptor scintigraphy may be useful for finding those clinically frustrating occult sources of corticotropin, more patients will need to be studied to determine the technique's true usefulness. Scintigraphy with radiolabeled octreotide provides a new noninvasive technique for the in vivo detection of a variety of tumors, and [lllIn-DTPA-D-Phel]-octreotide scintigraphy can be included as a diagnostic step in the workup of patients with Cushing's syndrome, especially when the diagnosis of ectopic corticotropin or CRH secretion is considered. We found a positive correlation between octreotide scintigraphy and the clinical response of Cushing's syndrome to octreotide therapy, but it must be realized that the drug therapy seldom completely controls adrenocortical hyperfunction in these patients.
